N-Protected amino acid 4-phenolsulfonic acid derivative esters, such as 2, 6-dibromo-4sulfophenyl ester sodium salt, 2, 6-dichloro-4-sulfophenyl ester potassium salt and 2-nitro-4sulfophenyl ester sodium salt, were prepared. These esters are water-soluble active esters, and were applied for the synthesis of Leu-enkephalin. Keywords water-soluble active ester; 2,6-dichloro-4-sulfophenyl ester; 2, 6-dibromo-4sulfophenyl ester; 2-nitro-4-sulfophenyl ester; peptide synthesis; Leu-enkephalin
Water-soluble active esters, such as water-soluble carbodiimide,2) may be advantageous in peptide synthesis for easy purification of the product by an extraction procedure. In the preceding paper,3) p-trimethylammoniophenyl ester was examined as a water-soluble active ester. The ester had good reactivity, but its purification was rather difficult and it was somewhat unstable. Here we report water-soluble active esters, substituted 4-sulfophenyl esters, which are easier to purify and more stable than p-trimethylammoniophenyl ester. During our study, Aldwin and Nitecki4) reported the use of 2-nitro-4-sulfophenyl ester for a protein-protein crosslinking reaction in the pH range of 6-8 in aqueous media. They prepared N-maleimido-6-aminocaproic acid 2-nitro-4-sulfophenyl ester and used it as a crosslinking reagent.
Since 4-phenolsulfonic acid is a strong acid and may cleave acid-labile protecting groups, its salt was examined as an ester component. tert-Butoxycarbonylalanine (Boc-Ala-OH) was easily deblocked by 4-phenosulfonic acid but was stable to sodium 4-phenolsulfonate. Boc-Ala 4-sulfophenyl ester sodium salt [Boc-Ala-OPS (Na)] was first prepared and was reacted. with phenylalanine methyl ester. No reaction was observed, which suggested that an electronattracting group should be introduced onto the phenyl ring to increase the reactivity of the 4sulfophenyl ester. 2, 6-Dichloro-4-sulfophenyl ester potassium salt [OPS (Cl,K)], 2, 6-dibromo-4-sulfophenyl ester sodium salt [OPS (Br, Na)] and 2-nitro-4-sulfophenyl ester sodium salt [OPS (NO2, Na)], each of which has an electron-attracting group on the phenyl ring, were examined as water-soluble active esters.
Potassium 3, 5-dichloro-4-phenolsulfonate,5) sodium 3, 5-dibromo-4-phenolsulfonate) and sodium 3-nitro-4-phenolsulfonate7) were prepared from potassium (or sodium) 4phenolsulfonate according to the known methods. Esterification of benzyloxycarbonylalanine (Z-Ala-OH) and the 4-phenolsulfonic acid derivative was done with dicyclohexylcarbodiimide (DCC)8) in dimethylformarnide (DMF) to afford Z-Ala-OPS (Cl, K), Z-Ala-OPS (Br, Na) and Z-Ala-OPS (NO2, Na). All these esters were water-soluble and had good reactivity. Each ester was reacted with phenylalanine methyl ester to form Z-Ala-Phe-OMe in reasonable yield as shown in Table I . No side reaction was observed and the product was easily purified by extraction with ethyl acetate followed by washing out of the unnecessary material with 5% sodium carbonate, 5% citric acid and water.
Nuclear magnetic resonance (NMR) spectra of the synthetic Z-Ala-Phe-OMe were measured to examine the occurrence of racemization during the reactions according to the method reported by Weinstein and Pritchard.9) The methyl signal of Ala in Z-Ala-Phe-OMe was compared with those of standard Z-L-Ala-L-Phe-OMe 9,10) and Z-D-Ala-L-Phe-OMe9) as shown in Fig. 1 . The methyl signal of Ala in Z-L-Ala-L-Phe-OMe appeared at 1.34 ppm, while the methyl signal of Ala in Z-D-Ala-L-Phe-OMe appeared at 1.29 ppm. A mixture of Z-L-Ala-L-Phe-OMe and Z-D-Ala-L-Phe-OMe showed signals at 1.32 and 1.29 ppm. All methyl signals of Ala in Z-Ala-Phe-OMe prepared by three different phenolsulfonic acid derivative ester procedures appeared at 1.32 ppm and no signal was observed at 1.29 ppm. The results suggested that these phenolsulfonic acid derivative esters are applicable to peptide synthesis.
Next, application of the phenolsulfonic acid derivative ester was examined. Leucine- 
